In February 1990, a 1,500 milking cow dairy in the California Central Valley changed from feed containing monensin to feed containing lasalocid to 350 head of 2-4-monthold calves of both sexes. The lasalocid was mixed at the feed mill with corn and barley and pelleted. The feed was delivered bulk to the farm and a 1 -gallon bucket of feed was given to each calf once/day. The feed comprised 2/3 of their diet, whereas the remainder was hay. Calves were housed in individual crates. After the first day on the new feed, calves became anorexic, but feed intakes gradually increased over the 5 subsequent days.
One calf died suddenly on day 4 after starting the new feed. On day 5, additional calves developed sudden weakness, increased respiratory rate, mild nasal discharge, and reddening of the nose without a fever. At the time, the feed was replaced with a corn/barley mix without additives. Eleven calves were found dead on day 6.
Field necropsies, performed on 6 of the 11 calves, revealed pleural and peritoneal effusions and pulmonary edema. One calf was necropsied at the California Veterinary Diagnostic Laboratory System (CVDLS) at Tulare 2 hours after it died. This calf had a rumen pH of 5.0, blunting and swelling of rumen papillae, gas accumulation, and large quantities of grain in the rumen. The urine pH was 5.0. No other gross findings were present. Histologic examination revealed suppurative rumenitis compatible with lactic acidosis. No heart lesions were observed.
The next day (day 7) 1 female and 5 male calves, which were found dead, were submitted to CVDLS. At that time, all grain feeding was discontinued and replaced with alfalfa hay. All 6 calves were in good condition and the hearts were contracted. One calf had epicardial hemorrhages. Two calves had yellow mottling of the heart muscle that was most noticeable in the interventricular septum on cut section. Three calves had congestion and hemorrhage of the left papillary muscle. Five of 6 calves had 1-2 liters of yellow fluid with strands of fibrin in the pleural cavity ( Fig. 1 ). The fluid clotted on exposure to air. The same 5 calves had marked, diffuse pulmonary edema and congestion, with increased firmness in 10-20% of the anteroventral lung lobes. Two calves had 1 liter of fluid in the peritoneal cavity similar to the pleural fluid. Three calves had rumen pH of 5.0 and an abundance of grain in the rumen. The remaining 3 animals had rumen pH levels of 6.0 with a mixture of grain and roughage in the rumens. Four calves had mild cerebral edema.
Histopathologic examination was performed on brain, lung, heart, thymus, liver, kidney, skeletal muscle, rumen, abomasum, small intestine, and colon. The hearts from 5 calves revealed widespread myocardial necrosis with mild, variable cardiomyocyte mineralization and hypertrophy, interstitial edema, and hypertrophy and proliferation of interstitial fibroblasts. The interstitial reaction was minimal in 2 calves. The sixth calf had mild, multifocal myocardial necrosis. Five calves had diffuse pulmonary edema with fibrin leakage into alveoli in the anteroventral lobes. Three of those 5 animals also had a few capillary thrombi and mild neutrophilic exudate in alveoli of the anteroventral lobes. Two calves had evidence of peracute aspiration. Two calves had a few areas of skeletal muscle fiber swelling, fragmentation, and degeneration. Suppurative rumenitis was found in 2 calves; 1 of which had microabscesses in the parakeratotic layer only. The 2 calves tested for selenium had normal hepatic levels (0.5 ppm on wet weight basis).
Deaths continued through day 14 after initial exposure. A total of 70 calves (20%) died by the end of the episode.
The corn/barley feed was analyzed for ionophore antibiotics in 2 laboratories (CVDLS and NVSL). The feed was initially extracted into methanol : water (9:1), passed through a charcoal (G-60 charcoal: diatomaceous earth at 3: 1) column for clean up, and spotted on a silica TLC plate. The ionophores, monensin, narasin, and salinomycin were visualized by this method using a vanillin reagent. None of these ionophores were detected in the feed samples.
Lasalocid analysis utilized a C-18 TLC plate after extraction with hexane : ethyl acetate (9:1) with a series of liquidliquid extractions for clean-up. Lasalocid was visualized using short-wave UV light and quantified using spectrofluorescence. 7 Additional analysis for lasalocid was performed following extraction with methanol, filtration, and evaporation to standard volume. Quantitation was by bioautography using authentic standards. The presence of lasalocid was demonstrated in that extract using TLC followed by acid spray and visual fluorescence. Feed samples contained from 1,010 to 1,700 ppm of lasalocid; up to 51 times the recommended level of 33 ppm.
Lasalocid is a divalent polyether antibiotic produced by Streptornyces lasaliensis. 1 It is used as a coccidiostat and feed additive for cattle and poultry. The compound will increase average daily gain, improve feed efficiency, and prevent rumen acidosis when fed to cattle. Lasalocid forms lipid-soluble complexes with monovalent and divalent cations facilitating transport of cations across lipid membranes along diffusion gradients. Lasalocid preferentially complexes with calcium but will also complex with sodium when tested in vitro. 5 The cation flux results in exchange between extracellular H+ and intracellular K + . The resultant intracellular H + then exchanges with Na + . The high sodium levels exchange with calcium as a component of normal cell membrane transport resulting in excessive free calcium disrupting normal cellular functions.
Experimentally, deaths due to lasalocid toxicosis in cattle were caused by single oral doses (SOD) of 50-100 mg/kg body weight (bw). 3, 4, 6 Clinical signs included anorexia, increased respiratory and heart rates, and watery diarrhea with death occurring 6-10 days after dosing. Transient anorexia (2-3 days) and transient watery diarrhea (2-3 days) developed after single oral doses of 10-25 mg/kg bw. 3 For reference, animals dosed with lasalocid at the recommended 30 g/ton of feed receive up to 1 mg/kg bw. Feeding up to 5 times this amount for 250 days had no adverse effect except for transient diarrhea. 8 Both monensin (another commonly used ionophore feed additive) and lasalocid are recommended at feed levels of 30 g/ton, which gives a dose rate of 1 mg/kg bw. Lasalocid has a wider margin of safety than monensin, which has a median lethal SOD of 22 mg/kg bw in cattle. 4, 9 Experimentally, toxicosis with both compounds can produce myocardial necrosis and lesions of congestive heart failure. 3, 4, 6, 9 Field cases of monensin toxicosis have been reported for cattle. 9,10 However, the authors are unaware of previous reports of field cases of lasalocid toxicosis in the bovine. The findings from this case are compatible with reports in cattle resulting from experimental lasalocid toxicosis.
The anorexia, myocardial necrosis, clinical and pathologic evidence of heart failure, and the occurrence of most deaths within 6-12 days of exposure in this case are consistent with the experimental findings for lasalocid toxicosis. 3 Unlike experimental trials, calves in this outbreak were not observed with muscle tremors, watery diarrhea, or dilated and flaccid hearts. Lack of close observation after-feeding may account for the failure to observe transient muscle tremors. Heart contracture may have resulted from rigor mortis.
The levels of lasalocid in the feed appear to be responsible for the toxicosis in these calves. Mortality rates probably reflect the variable levels of lasalocid found in the feed, age, size, and aggressiveness of calves consuming the grain and subsequent ingestion of the feed after the initial dose. The average 136-kg calf on this farm ingesting 2.27 kg of feed, which contained 1,700 ppm of lasalocid, would have received a daily dose of 28 mg lasalocid/kg bw, a dose that experimentally did not result in any deaths on an SOD basis.) However, calves on this farm received more than a single oral dose, as feed intake began to increase after an initial period of anorexia. Monensin has been shown to have an enhanced toxicity when fed repeatedly at lower doses compared to a single oral dose. 2, 9 In 1 study, cattle fed 7.5 mg monensin/kg bw/day for 7 days had a 60% mortality rate, whereas cattle fed 11 mg/kg bw SOD only had 10% mortality rate. 9 Multiple dose experimental studies in cattle have not been performed with lasalocid at levels greater than 5 mg/ kg bw. 8 Rumen acidosis can be an important complicating factor in monensin or lasalocid toxicities if grain without additives is substituted for grain containing additives. Hungry calves that had previously refused their grain for several days may overengorge on the new grain. Rumen acidosis appeared to be the cause of death of the first calf submitted on day 5, and mild lesions of acidosis were present in 2 of 6 calves submitted on day 7.
These findings suggest that lasalocid toxicosis should be considered along with monensin toxicosis and selenium deficiency in feedlot cattle and dairy calves with evidence of weakness, anorexia, and myocardial necrosis. 1, 4, 11 Differentiation of the syndromes requires testing of tissues and feed for selenium adequacy and analysis of feeds for potentially toxic levels of ionophores. Multiple samples of feeds should be collected for analysis to detect irregularities in mixing of ionophores.
